ANALOGY FOR EXPLAINING INTERMEDIATE METABOLISM
This Illumination describes an analogy for explaining intermediate metabolism by comparing glucose with the monthly paycheck. Intermediate metabolism is depicted in Fig. 1A and its analogy in Fig. 1B . The body's major energy source is carbohydrates. Glucose (Fig. 1A) is the most important monosaccharide. Similarly, the major income for most people is a monthly paycheck ( Fig. 1B) . Glucose can be used in several different ways, but it must first be converted to acetyl-CoA, the most important intermediate metabolite.
Acetyl-CoA is the key molecule that allows an interchange between several biochemical pathways. In a similar way, a paycheck can be used in several ways, but it must be converted to currency, the key "metabolite" in our economy. Acetyl-CoA can enter the tricarboxylic acid (Krebs) cycle, generating NADH and FADH, which are used in oxidative phosphorylation to form ATP. Thus, to make energy, glucose is transformed into acetyl-CoA and traded for ATP. Similarly, a paycheck is transformed into currency, which "enters" into the shopping center and is ultimately traded for goods.
Because the body requires a minimum blood glucose concentration, we have developed ways to store excess glucose for future use. The first line of storage is glycogen production in the liver and muscle cells. After a meal, the excess glucose is stored as glycogen, to be released in the following hours. Similarly, most people receive their paychecks once a month but will need to store the money for use during the month. Depositing the paycheck into a bank account keeps the money safe and allows unrestricted access to it at any time (ATM machines). When glycogen is consumed, the other pathways must be activated to prevent a decrease in blood glucose concentration. In the same way, when money in the bank is reduced, people will activate other means to maintain currency in their wallet.
When food consumption is consistently higher than required, glycogen stores are saturated, and glucose is then stored as fat. For this purpose, acetyl-CoA is converted into fat for storage. When necessary, fat may release fatty acids that are oxidized to form acetyl-CoA by the ␤-oxidation pathway. In the analogy, when people have excess money, long-term savings is in order. This is a way to keep money safe for a long time; however, it is also more difficult to access it. An example is investments such a buying gold. When people gain weight, it is because food consumption is greater than energy expenditure, just as when people save money, it is because their income is greater than their expenses. To lose weight, the individual must decrease consumption (diet), increase expenditure (exercise), or both, just as the reduction in savings can be due to a decreased income, increased expenses, or both.
Note that, in Fig. 1A , another possibility for acetyl-CoA is to be converted into ketone bodies that might be released into the circulation to be used by other tissues for energy (especially by heart and kidney). Simi-larly, we can purchase money orders to send currency to friends and family. Ethanol is another source of energy. During the metabolism of ethanol, NADH is accumulated and used to produce ATP. For every ethanol molecule that is metabolized, one glucose molecule is no longer necessary and thus will be stored. In the analogy, ethanol represents food stamps that are good only to purchase food. Sometimes, in addition to a paycheck, people receive food stamps. Although food stamps cannot be converted to currency, every time a stamp is used to buy food there is currency that is not spent and thus will be stored.
Finally, if it is necessary, proteins can be degraded to amino acid residues that are converted to acetyl-CoA, which in turn can be used to produce energy or glucose (gluconeogenesis). This is, however, not a good idea for the body (catabolism). In the analogy, proteins represent a house or business, the most solid way to store money for a long time. If some day your income is seriously reduced, selling your home or business will produce the money that is needed for living. As with proteins, however, on the long-term basis this is not a good idea.
Students enjoy this analogy, which produces a clear picture of intermediate metabolism. I found this analogy also useful for the general public to assist them in understanding the mechanisms by which people gain or lose weight and how different diets work. GERARDO 
RAPPING TO REVIEW: A NOVEL STRATEGY TO ENGAGE STUDENTS AND SUMMARIZE COURSE MATERIAL
Recent studies indicate that hip-hop can successfully be used as a tool in the K-6 classroom to improve literacy skills (1, 7) . Although hip-hop is in its infancy, some educators are using it as a mnemonic device to help students with math and history facts (8) . The use of music as a way to stimulate and teach new material is based on the work of Howard Gardner, an educational psychologist best known for his theory of multiple intelligences (2). Gardner stresses the use of nontraditional teaching techniques to account for different learning styles (3) . In fact, some science educators have used music to teach traditional lessons, such as biological classification (6). This semester, I used this novel teaching technique to review the semester's material in my undergraduate, nonmajors' Anatomy and Physiology 2 course and used the popular Carlos Santana song "Since Supernatural" (4) as my template.
Few science educators incorporate music in their lessons. I was inspired by Professor Helen Davies, a University of Pennsylvania microbiology professor, who uses song to teach about infectious disease (5) . Although she uses popular tunes such as Simon and Garfunkel's "Sound of Silence" and the Beatles' "Yesterday," her tuneful teaching style has won her many awards, including the National Golden Apple for Teaching Excellence.
Below are revised lyrics to Carlos Santana's "Since Supernatural," called "Phys is Supernatural." Students really enjoyed the review, and one commented that it was the most original thing that he had seen so far in their college experience. As a strategy to expand on this idea, teachers should consider having students write their own rap lyrics to actively engage them in the material. Furthermore, teachers may focus on a more specific area to provide greater depth and detail of the subject matter. 
Phys Is Supernatural

SIMPLIFIED INTERPRETATION OF THE PACEMAKER POTENTIAL AS A TOOL FOR TEACHING MEMBRANE POTENTIALS
Most courses of physiology start by teaching about membrane potentials in different cells. Many of our students find these ideas difficult to understand. Often they try to memorize facts rather than understand mechanisms. The most difficult task may be interpretation of the pace-maker potential generation in sinoatrial (SA) cells. This illumination attempts to improve students' understanding of membrane potentials by giving them a simplified interpretation of pacemaker potential generation before they have group discussions.
This simplified model interprets the pacemaker potential as a hyperpolarization wave that is not able to reach the hypothetical resting membrane potential (calculated to be about Ϫ14 mV), because the triggering potential of calcium/sodium channels (Ϫ40 mV) initiates the next cycle. The continuous cycle of electrical activity in SA cells would then consist of four stages: depolarization (opening of calcium/sodium channels), repolarization with hyperpolarization (opening of several types of potassium channels), hyperpolarization recovery (cessation of potassium permeability), and triggering of depolarization without ever reaching the resting membrane potential. Although this is an oversimplified interpretation of SA potential generation, students who can understand and discuss it are better able to interpret resting and action membrane potentials.
The following text is given to medical students as reading material for discussion that is usually scheduled for the following week. The students can use their textbooks (1, 3) or other references (2, 4) . In Simplified characteristics of SA cells below, students are asked to calculate the hypothetical resting potential for the SA cells based on a Na/K permeability ratio of 0.58:1.00 and the following ion concentrations: extracellular Na ϩ ϭ 142 meq/l and K ϩ ϭ 4;
intracellular Na ϩ ϭ 14 meq/l and K ϩ ϭ 142 meq/l (4). They are also expected to draw a graph similar to Fig. 1 .
Answer
Text for Study by Students
A simplified interpretation of the SA potential generation. Please refer to your textbooks and other sources.
Simple facts about membrane potentials. 1) More permeable membranes have better defined membrane potentials that are less variable than potentials of less permeable membranes. The high permeability seems to anchor the membrane potential near the Nernst potential of that ion. The cost of stabilization is the high ion flux that must be compensated by more work of ion pumps.
2) Hyperpolarization can be described as a more pronounced negativity of the membrane potential after repolarization. The occurrence, quantity, and duration of the hyperpolarization wave necessarily reflects momentary membrane permeability for certain ions. Hyperpolarization is caused by the temporary relative increase in potassium permeability compared with the resting phase. If this increase in potassium permeability is small, the hyperpolarization wave will also be small. For example, if a certain membrane is almost exclusively permeable to K ϩ ions, it will have a membrane potential near the potassium Nernst potential. During repolarization, this membrane will not hyperpolarize, because additional opening of the potassium channels cannot move the potential any closer to the Nernst potential.
Simplified characteristics of SA cells. In SA cells, permeability for Na ϩ and K ϩ is similar, so the membrane potentials are between the Nernst potentials for potassium and for sodium. Because the overall permeability is small, the membrane potential is also less stable. Calculate the resting potential if the Na/K permeability ratio is 0.58:1.00 and extracellular Na ϩ ϭ 142 meq/l, K ϩ ϭ 4;
intracellular Na ϩ ϭ 14 meq/l and K ϩ ϭ 142 meq/l (4).
Proposed hyperpolarizationbased interpretation of SA potentials. 1) During repolarization from the peak depolarization, slow K ϩ channels that are gradually activated during depolarization make the membrane much more permeable to potassium. So the membrane potential progressively becomes more negative, moving toward the potassium Nernst potential. This hyperpolarization wave is shaped by the opening and closing of different sets of K ϩ channels.
2) When all the K ϩ channels that were opened during depolarization are closed, the membrane potential will reach the resting potential that reflects the Na/K permeability ratio. In SA cells, the resting membrane potential is never reached, because it lies above the triggering potential of calcium/sodium channels.
3) A continuous cycle of electrical activity in SA cells consists of the following four stages: depolarization (opening of calcium/sodium channels), repolarization with hyperpolarization (opening of several types of potassium channels), hyperpolarization recovery (cessation of potassium permeability increase), and triggering of depolarization without ever reaching the resting membrane potentials.
Activities for Students
1) Use figures of SA potentials from your textbook and mark the calculated level of the hypothetical resting membrane potential of SA-nodal cells.
2) Does this make sense to you?
3) Draw a graph of two SA action potentials. Label the vertical axis in mV (ϩ and Ϫ) and the horizontal axis in seconds.
4)
List pros and cons for the proposed model. 
5)
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